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been determined for GLS glasses as a function of the GaSx:La2S3 content, GaS:Ga2S3 content, 
La2O3:La2S3 content, GaSx: La2O3 content, La2S3:CsCl content and the LaCl3:La2S3 content. It 
was possible to determine the improvement in thermal stability in moving from a 70, 80: 5: 25 
glass (the previous standard composition) to one determined from this work, a 65, 70: 2: 33 
glass. This offered an improvement of 23
oC in the separation of the onset of crystallisation and 
drawing temperature, or an increase of ~65%. This represents a very significant improvement. 
For the first time in this material system the full effect of impurities such as La2O3 or LaCl3 and 
the modifier GaS have been considered and characterised, something no prior workers had 
identified. The control of the GaS and La2O3 content of the glass was the key step in improving 
the thermal properties of GLS glass enough to allow GLS to become a practical material to 
draw. GLS is currently the lowest loss, non-silica, fibre the ORC has ever produced. An 
optimisation of the compositions for core-clad fibres was performed, and the compatibility of 
hybrid GLS core-GLSO clad fibres was investigated. 
 
 
6.1.4 Novel fabrication techniques. 
 
The development of a novel preform manufacturing technique that allows, with a double low 
temperature step, the fabrication of preforms to give small core fibres, without recourse to the 
rod-in-tube method, has significantly improved the quality of small core fibres. This 
development was driven by the need to eliminate repeated high temperature steps used to make 
a single mode core with the rod-in-tube method, and the need to improve the quality of the 
core-clad interface. Early extruded preforms had difficulty in achieving small core dimensions 
in the final fibre. The modified polo method was evolved to utilise the high-quality polishing 
that was possible on the surface of flat discs, and extrude that to a core-clad plug with a defect 
free core-clad interface which was protected from contamination or damage. This was then 
inserted into a polo, and extruded to give a preform. This offered an improvement by using 
only two, low temperature, heat treatments to make small core fibre preforms with an 
exceptional core-clad interface. This allowed losses in small core fibres to reach ~25dBm
-1 
(extrapolated) for the first time. A qualitative theory has been advanced which effectively 
describes the features seen in the core diameter as a function of length along the preform, 
which has afforded a better understanding of the extrusion process.  
 
The surface finish of a perform was identified as an area of crucial importance for fibre 
drawing, and the effect of different finishes was analysed for the first time in these glasses. The 
crystallisation induced by the extrusion process during fibre drawing has significantly hindered 
the development of fibre devices from these glasses. A mechanism to explain the observations   155
noted has been proposed. It is anticipated that recent improvements implemented as a result, 
including optical polishing of the dies, investigating novel die shapes, and using undoped 
overclad layers, will show rapid improvements in the final fibre quality.  
 
A wide range of fibre drawing parameters were used, which, combined with the improvements 
in composition afforded by the investigation into the thermal properties of the glasses, and a 
better understanding of how the surface of the preform affects the drawing has resulted in both 
losses, and yields improving significantly. 
 
It should be stated that the original goal of taking a material of losses varying from 30 to 
10dBm
-1 across the spectrum (1-5µm) in an unclad fibre, and implementing fibre lasers, in 
fibre with losses of ~1dBm
-1 in its single mode core within three years, was an optimistic one. 
That said, the scope of this work increased considerably as it progressed and it has been very 
successful. Very significant progress towards the ultimate aim has been achieved, and all the 
essential elements required are now in place as a result of this work. Finally we are now in an 
excellent position to exploit fully the strengths of these materials; Low phonon energy, wide 
MIR transmission window, low toxicity and excellent environmental stability, for both active 
(fibre lasers, fibre amplifiers between 1.3-1.5µm, optical switches) and passive (power 
transmission, optical sensing) applications. 
 
 
6.2 Further work. 
 
Despite the results achieved in this work to date, there exists considerable scope for completing 
this work more fully. Listed below are some suggestions, most of which are relatively small 
steps, which would help to further advance the use of GLS based glasses.  
 
 
6.2.1 Synthesis of high-purity lanthanum oxide.  
 
To date the lanthanum oxide used for this work has been relatively low grade, compared to the 
available purity of lanthanum and gallium sulphides. This has taken the form of some ~1ppm 
of contained Fe, ~30ppm of silica and alumina, and ~ppm levels of OH
- impurities. With high-
purity lanthanum sulphide available from conversion of lanthanum fluoride, the burning of 
lanthanum sulphide in a dry oxygen atmosphere should be investigated as a means of 
producing high-purity, OH
- free lanthanum oxide. Given the reactivity of lanthanum chloride to 
oxygen it would also be worth pursuing a conversion from the chloride to oxide as a means of 